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Background
In order to understand the chemistry occurring in clouds and aerosols, the detailed 
19921.
Iron is predominantly found as either ferric iron (Fe(III)), or ferrous iron (Fe(I1)) in the earth's crust, lakes and oceans. Mn, Cu and Cr can also be found in several oxidation states in natural waters: 1) Mn as Mn(II), Mn(II1) and Mn(IV), 2) Cu as Cu (1) and Cu(II), and 3) Cr as Cr(II1) and Cr(VI Kopcewicz, 19921. Once in the atmosphere Fe can be cycled between "dry" aerosol particles (hereafter referred to as aerosol particles) and cloudwater droplets. "Dry" refers to atmospheric conditions where the relative humidity is not high enough (i.e., supersaturation conditions) for the aerosol particles to grow to cloud-size drops. These "dry" aerosol particles can be incorporated into cloud droplets by either the aerosol particle serving as a nucleus for a cloud drop, or an interstitial aerosol particle impacting on preexisting cloud drop.
Overall, aerosol particles undergo an estimated of 10 nucleation/evaporation cycles before they are removed from the atmosphere by wet or dry 
Thesis Work
The goal of this thesis was to characterize atmospheric Fe, along with various other species relevant to the chemistry of Fe, in cloudwater and aerosol to help understand the role of Fe in heterogeneous atmospheric chemistry, and also its role as a nutrient source to surface ocean waters. This goal was achieved by the development and application of several collection and analytical methods. These methods were used in a multitude of field studies to investigate Fe speciation in aerosol and cloudwater. The aerosol samples were suspended in aqueous solutions ("simulated cloudwater"), followed by addition of various organic acids (oxalic, formic and acetic acids), which are commonly observed in cloudwater. The solution was then irradiated with ultraviolet light (similar intensity to ambient sunlight) and various species were measured (i.e., H202, Fe(II), and pH). These experiments found Fe to be a critical component for the production of H202 in the simulated cloudwater experiments.
The third chapter discusses the development and application of a novel photochemical extraction method for the determination of photochemically-available Fe.
This method was used to characterize Fe in aerosol samples collected from Whiteface Mtn.
(NY), Pasadena (CA), San Nicholas Island (CA) and Yosemite National Park (CA).
Several aerosol samples were collected during biomass burning episodes.
Photochemically-available Fe ranged from e 4 ng m-3 to 308 ng m-3, and accounted for 2.8% to 100% of the total Fe in the sample. Calculations based on the results of these experiments predicts that redox reactions of Fe in cloudwater could be an important in situ source of oxidants COH, HO2*/O2--).
The fourth chapter discusses results of several field studies which measured the redox states of Fe and other transition metals (Mn, Cu and Cr) in cloudwater. Other measurements, relevant to the speciation and redox chemistry of these metals, included:
pH, total elemental concentrations, organic anions, inorganic anions, cations, peroxides, and formaldehyde. Several cloud events were sampled at Whiteface Mtn (NY), San Pedro Hill (CA) and Bakersfield (CA). The results of the measurements were then used in thermodynamic models to calculate the speciation of the metals in the cloudwater samples.
Fe(II1) was found to occur either as Fe(II1)-hydroxy species or Fe(II1)-oxalate species.
However, an un-identified strong chelating ligand with Fe(II1) was also suggested by the data. A kinetic model was also used to investigate the metal redox chemistry.
The Overall, this thesis has provided further insight into cloudwater and aerosol chemistry in the atmosphere. However, more sensitive analytical methods, better collection techniques, and laboratory experiments will certainly bring new discoveries regarding these complicated dynamic systems.
FIGURE 1
Overview of atmospheric iron.
FIGURE 2
The different measurements conducted for Fe in ambient aerosol samples.
FIGURE 3
The different measurements conducted for Fe in cloudwater samples.
iron oxyhydroxides in the presence of important atmospheric organic compounds, Environ. Other transition metals also may play an important role in the atmospheric chemistry of Fe. Therefore, the oxidation state of Fe and three other transition metals (Mn, Cu & Cr) in cloudwater were investigated during several cloud events at Whiteface Mountain (NY), one cloud event at San Pedro Hill (CA) and one fog event at Bakersfield (CA). Other measurements performed, relevant to the redox chemistry of these metals, included pH, total elemental concentrations (Fe, Cu, Mn, Cr, Al, K, Ca, Na and Mg), organic anions (formate, acetate, glycolate, oxalate), inorganic anions (chloride, sulfate, nitrate, sulfite), cations (sodium, calcium, magnesium, potassium), peroxides, and formaldehyde. These measurements were then used in thermodynamic speciation models to understand the speciation of ambient fog and cloudwater. From this analysis, two different cases were found for Fe(III),,,,,, speciation. Fe(II1) was found to exist either as Fe(OH),' or Fe(Oxalate),'. However, an un-identified strong chelating ligand with Fe(II1) was also suggested by the data. Cu(1) and Cu(I1) were calculated to be predominantly Cu+ and Cu2+ (with less than 10% as Cu(I1)-oxalate complexes). A chemical kinetic model was also used to investigate the transition metal chemistry. The model results indicate Fe(I1) should be the predominant chemical form of Fe during daylight conditions. This prediction is in agreement with the field measurements in which the highest ratios of Fe(II)/Fe,,,, were found in samples collected during the day. The model results also indicated Fe(II1) should be the predominant form of Fe during nighttime conditions, this is also in agreement with the field measurements. In the model, Cu(I1) and Mn(I1) were the predominant oxidation states during daylight and nighttime conditions, with Cu(I) and Mn(II1) increasing during daylight conditions. Mn(II1) concentrations were never high enough to influence the redox chemistry of Cr. Overall, Cr(VI) in cloudwater is predicted to be reduced to Cr(II1).
Sci
Ambient aerosol samples were also collected during the inter-monsoon and southwest-monsoon periods on the Arabian Sea. A high-volume dichotomous virtual impactor (HVDVI) with an aerodynamic cutoff size of 3 ym was used to collect the fine and coarse aerosol fractions for metal analysis. A low volume collector (LVC) was used to collect aerosol samples for anion and cation analysis. The primary purpose of this study was to characterize the chemical composition of the ambient aerosol during the southwestmonsoon and inter-monsoon periods, including the measurement of labile ferrous iron (Fe(I1)) in the fine and coarse fractions of ambient aerosol samples. The analysis for labileFe(I1) was done immediately after sample collection to minimize any possible Fe redox reactions which might occur during sample storage. Total atmospheric aqueous labileFe(I1) concentrations during the inter-monsoon period were between 7.48 ng m-3 to < 0.089 ng m-3. The aqueous-labile Fe(I1) was predominantly in the "fine" fraction ( 3.0 pm ), with the "fine" fraction of aqueous labile Fe(I1) accounting for an average of 90% of the total aqueous labile Fe(I1). In contrast, during the southwest-monsoon period, the atmospheric aqueous labile Fe(I1) concentrations were consistently below the detection limit (< 0.34 ng m-3 to 0.089 ng mJ depending on the volume of air sampled). Factor analysis revealed a significant source of Fe and Mn which was not associated with the main aeolian dust component or any typical anthropogenic metals (e.g. V, Pb). This component did not include any loadings of labile-Fe(I1). The air mass back trajectories (5 day, threedimensional) showed that air masses sampled during the southwest-monsoon had origins over the open Indian Ocean, and air masses sampled during the inter-monsoon had origins from southeast Africa, Saudi Arabian peninsula, and southern Asia.
FUTURE WORK
This thesis has provided insight into the role of Fe chemistry in the atmosphere.
However, much is still unknown about Fe and other transition metal chemistry in aerosol and cloudwater. The major challenge in this thesis was the difficulty associated with analyzing trace species in aerosol and cloudwater. Current spectrophotometric techniques used in this thesis for the quantification of Fe(I1) and other trace metal oxidation states have serious limitations. These limitations include interferences with other aerosol and cloudwater chemical species, and sensitivity. Great care must be taken to eliminate the interferences or account for them. As for sensitivity, relatively large sample sizes must be collected for both aerosol and cloudwater in order to be in the range of the analpcal technique. These large sample sizes ultimately require long sampling times, which are usually longer than the characteristic times associated with the reactions occurring in the aerosol or cloudwater system being sampled. Improved analytical and collection techniques which provide for the near real-time analysis of trace metal speciation in ambient aerosol and cloudwater systems would provide invaluable knowledge. Techniques, such as electro-spray mass spectrometry (ES-MS) show a great deal of promise, however their application to field studies is currently limited by the size and complexity of the instrumentation. And the problems associated with coupling an ES-MS instrument to a cloudwater collector are numerous.
